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(54) Oxygen en richrnen t of gases used in a clinker producing plant 



(57) A kiln is provided with oxidant injection loca- 
tions upstream o) air blowers which blow air into the kiln. 



The addition of oxygen into the kiln Increases the cooling 
capacity of a clinker cooler, and enhances combustion 
in the kiln. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] Tlie present invention relates to novel appara- 
tus and processes for the injection of oxygen into a ro- 
tary l<lln. IVIore particularly, the present invention relates 
to apparatus and processes which significantly improve 
combustion in a rotary kiln used for the calcination of 
minerals such as cement, lime, dolomite, magnesia, ti- 
tanium dioxide, and other calcined materials 

Brief Description of the Related Art 

[0002] In recent years, demand for cement and other 
calcined materials has outstripped production. In the 
construction industry, delays to building and transporta- 
tion Improvement projects have been caused by lack of 
sufficient cement. 

[0003] The introduction of oxygen into a combustion 
space, e.g., a furnace, is used in a variety of industries 
for enhancement of the combustion process. To date, 
the use of oxygen in rotary kilns has been applied in 
three main ways, well documented in the literature: in- 
troducing oxygen into the primary air, i.e., into the main 
burner; the utilization of an oxy-fuel burner in addition 
to a standard air-fuel burner; and oxygen lancing into 
the rotary kiln, particularly in a region between the load 
and the flame, for improved flame characteristics. One 
of the more documented uses of oxygen in rotary kilns 
is described in Wrampe, P. and Rolseth. H. C, "The ef- 
fect of oxygen upon the rotary kiln's production and fuel 
efficiency: theory and practice", IEEE Trans. Ind. App., 
568-573 (November 1976) (incorporated by reference 
in Its entirety herein), which indicates that production In- 
creases above 50% produce excessive temperatures 
into the kiln, but, below this level, kiln operation takes 
place without major problems. 
[0004] Each method of introducing oxygen into the ce- 
ment plant has its advantages, as well as disadvantag- 
es. Thus, the Introduction of oxygen into the primary air 
limits the total amount of oxygen capable of being intro- 
duced into the kiln, as modern cement kilns utilize 
5-10% of the total air used as primary air. Therefore, in 
order to introduce a meaningful amount of oxygen into 
the kiln, it is necessary to significantly increase the con- 
centration of oxygen in the air-fuel stream. Increases in 
the oxygen concentration leads to potential safety prob- 
lems, since the fuel is in contact with the Og enriched 
air prior to its arrival into the kiln's combustion space, 
and therefore can burn too early and or even result in 
explosions. 

[0005] The use of a separate oxy-burner represents 
a more involved solution to increase the thermal transfer 
to the load, which in general requires significant quan- 
tities of quality fuel, such as natural gas or oil, as well 



as important modifications in the kiln back wall. This 
method has been previously proposed, such as U.S. 
Patent No. 3,397,256 (which is incorporated by refer- 
ence in its entirety herein). The use of oxygen lances, 

5 although a more elegant solution, can locally increase 
the temperature of the combustion space, which can re- 
sult in nonunifonn heat transfer to the entire flow of clink- 
ers moving through the kiln. Lancing can also produce 
hot spots in the refractory, which can potentially damage 

10 the refractory. The introduction of cold oxygen can lastly 
limit the beneficial effect of oxygen on combustion, by 
locally cooling the flame. The employment of lances has 
been proposed in U.S. Patent No. 5,572,938, U.S. Pat- 
ent No. 5,007.823, U.S. Patent No. 5,580.237, and U. 

'5 s. Patent No. 4,741 ,694, all ot which are Incorporated 
by reference in their entireties herein. 
[0006] U.S. Patent No. 4,354,829 describes mixing air 
and oxygen in a separate pipe, and introducing it 
through the rotary kiln moving walls. This device suffers 

^0 from a number of significant problems, which include: 
the difficulty of creating a leak-free plenum which rotates 
with the kiln; the difficulty ot installing tubes into the kiln; 
the fact that the air-oxygen mixture is introduced in a 
location which might actually hurt the combustion proc- 

26 ess; and the fact that the air introduced in the rotary kiln 
is cold, therefore introducing additional stresses in the 
rotary kiln which can damage its very expensive struc- 
ture from thermal shock. 

[0007] The general use of oxygen in cement rotary 

30 kilns has already been documented to lead to a signifi- 
cant production increase of the kiln, starting with the 
work of Gaydas, R. A., «Oxygen enrichment of combus- 
tion air in rotary kilns,» Journal ot the PC A R&D Lab- 
oratories, 49-66 (September 1 965) (incorporated by ret- 

05 erence in its entirety herein). Gaydas presents test re- 
sults from a period between 1960 and 1962. It is men- 
tioned that Ge/5s/er suggested in 1903 that oxygen be 
used for clinker production. Experimental work was 
done in Germany in the 1 940's, but results are not avail- 

40 able. If not specifically addressed, a production increase 
can create various bottleneck regions, such as in clinker 
cooling equipment or the flue gas exhaust system. 
[0008] It is one object ot the present invention to pro- 
vide a way of improving the clinker cooler performance 

45 in a rotary kiln. 

[0009] It is another object of the present invention to 
provide a safe, yet efficient system and method of intro- 
ducing oxygen into rotary kilns used, for example, in ce- 
ment producing equipment, in a manner which will en- 

50 hance flame characteristics and improve production 
without adversely effecting overall plant operation. 

SUMMARY OF THE INVENTION 

55 [0010] Accordingtoafirstexemplary embodiment, an 
improved kiln useful in producing clinkers comprises a 
kiln chamber having an inlet and a clinker outlet, a burn- 
er positioned so that its flame Is directed into said kiln 
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chamber, said burner including a fuel inlet, an oxidant 
Inlet, and an outlet, a ciln ker cooler positioned to receive 
clinkers from said clinker outlet and including at least 
one air inlet into said clinker cooler, and an oxidant 
source in fluid connmunication with an inlet of said kiln 5 
selected from the group consisting of said burner oxi- 
dant inlet, said clinker cooler air inlet, and both. 
[0011] According to a second exemplary embodi- 
ment, a process of operating a kiln comprises the steps 
of providing a kiln including a kiln chamber, an inlet, and 
a clinker outlet, a burner positioned so that its flame is 
directed into said kiln chamber, said burner including a 
fuel inlet, an oxidant inlet, and an outlet, a clinker cooler 
positioned to receive clinkers from said clinker outlet 
and Including at least one air Inlet into said clinker cool- 
er, and an oxidant source in fluid communication with 
an oxidant inlet of said cement kiln selected from the 
group consisting ot said burner oxidant inlet, said clinker 
cooler air inlet, and both, flowing oxidant from said oxi- 
dant source through said cement kiln oxidant inlet, and 
flowing material to be calcined into the kiln chamber to 
form clinkers 

[0012] Still other objects, features, and attendant ad- 
vantages of the present invention will become apparent 
to those skilled in the art from a reading of the following 
detailed description of embodiments constructed in ac- 
cordance therewith, taken in conjunction with the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The invention of the present application will 
now be described in more detail with reference to pre- 
ferred embodiments of the apparatus and method, given 
only by way of example, and with reference to the ac- 
companying drawings, in which: 

Figure 1 is a schematic illustration of a rotary kiln In 
accordance with a first embodiment of the present 
invention; 

Figure 2 is a schematic illustration of a rotary kiln in 
accordance with a second embodiment of the 
present invention; 

Figure 3 Is a schematic illustration of a rotary kiln in 
accordance with a third embodiment of the present 
invention; and 

Figure 4 is a schematic illustration ot a rotary kiln in 
accordance with a fourth embodiment of the 
present Invention. 

DESCRIPTION OF THE PREFERRED 

EMBQDIIVIENTS 

[001 4] Referring to the drawing figures, like reference 
numerals designate identical or corresponding ele- 



ments throughout the several figures. 
[0015] One major problem encountered by the ce- 
ment industry has been finding systems and processes 
to efficiently boost production, while still using the exist- 
ing production facilities. As discussed above, it has been 
documented that the introduction of additional oxygen 
into a clinker kiln can lead, among other improvements, 
to important production increases. Oxygen injection can 
also lead to enhanced combustion, increased dust In- 
sufflation, and other improvements over kilns which do 
not utilize oxygen injection. The present invention utiliz- 
es additional oxygen introduction, and more generally 
oxygen-containing gas, in cement plants in such a way 
as to capitalize on these advantages. Furthermore, the 
present Invention addresses related issues raised by In- 
creasing production, such as the occurrence of bottle- 
neck locations throughout the system, flue gas limita- 
tions, clinker cooler limitations, and clinker transport out 
of the plant. 

[001 6] The introduction of oxygen in accordance with 
the present invention allows a reduction In flue gas vol- 
ume, as well as increased heat transfer to the load and 
therefore increased production. The presence of nitro- 
gen in air introduced into the kiln requires energy for 
heating the entire gas mass to high temperatures, with- 
out aiding the clinker formation process. The introduc- 
tion ot additional oxygen in pure or substantially pure 
form reduces the proportion of nitrogen in the flue gases, 
thus increasing the amount of high grade heat, consid- 
ered to be heat above a certain temperature, available 
to the kiln. 

[0017] Traditionally, oxygen had been directly intro- 
duced at ambient (atmospheric) temperature into the 
cement plant in the vicinity of the combustion space. An 
increase in kiln production from oxygen introduction can 
result in a reduction in available combustion air. which 
reduces the cooling capacity of the clinker cooler, thus 
causing the clinker to exit the cement plant too hot. The 
present invention reduces this negative effect, by in- 
creasing the total gas flow rate through the clinker cool- 
er, through the addition of a significant amount of oxygen 
to the existing amount of air prior to the clinker cooler. 
Thus the present Invention increases the thermal effi- 
ciency of the cement plant by not only additionally cool- 
ing the clinker, but also by increasing the temperature 
of the injected oxygen to values between about 400" C 
and about 900° C. Depending on the amount of oxygen 
used, the present invention can recuperate an additional 
1-2 megawatt (MW) heat flux into the cement plant. 
[001 8] For example, and not by way of limitation, if the 
total additional oxygen injection into the kiln is about 1 50 
tons per day (t/d), in order to increase the temperature 
of the oxygen from ambient to about 900* C, the power 
received by the oxygen and reintroduced into the kiln is 
approximately 1.4 MW. This oxygen consumption in- 
creases the oxygen concentration in the oxidant to 
about 23% for a mid-sized cement kiln, which is well 
within the accepted oxygen enrichment levels. Systems 
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in accordance with Xhe present Invention also aid the 
combustion process, allowing the fuel to more rapidly 
Ignite and combust, because the hot oxidant mixes with 
the fuel. Rapid ignition not only enhances the combus- 
tion process, with positive effects on emissions, but also 
allows more dust to be Insufflated into the kiln, which 
further increases production. This is because enhanced 
combustion from the use of hot oxygen or oxygen-en- 
riched gas counteracts the inhibitory effects of dust on 
the combustion process. 

[0019] Prior systems and processes do not recognize 
the benefits of heated oxygen injection In the cement 
plant. Similarly, universal or system-wide oxygen en- 
richment of cement plants has not been Identified in the 
prior art. 

[0020] A process in accordance with the present in- 
vention is an enhancement of cement manufacturing 
technology The present invention includes methods of 
enriching the air necessary for combustion purposes 
with oxygen, in order to increase the heat transferred to 
the clinl<er. The oxygen enrichment is used for increas- 
ing the plant production and reducing the risk of bottle- 
necking the cement production in various places, such 
as the clinker cooler. According to exemplary embodi- 
ments of the present invention, a process injects an 
amount of oxygen prior to (upstream) or after (down- 
stream) the fans or blowers carrying the air used for 
combustion purposes In the cement plant, but before the 
clinker cooler. Thus, the oxygen is well mixed with the 
air before the clinker cooler, leading to an increase In 
the cooling capacity of the cooler, as well as to enhanced 
heat recovery as the clinkers transfer heat to the oxy- 
gen-enriched air which flows into the kiln. In addition to 
these advantages, the heated oxygen leads to improved 
combustion in the plant, particularly in the kiln. Improved 
combustion which is achieved with the present invention 
is particularly beneficial In cement plants with dust recy- 
cling systems, as the enhanced combustion allows a 
larger amount of dust to be recirculated through the kiln 
without an adverse effect on burner performance and 
kiln temperatures. 

[0021] Turning now to the drawing figures. Figure 1 
Illustrates portions of a cement plant in accordance with 
a first exemplary embodiment of the present invention. 
A kiln 10, e.g., a rotary kiln, is used to heat and to pre- 
pare the clinker (not illustrated). After the clinker forma- 
tion Is completed in kiln 10, it exits the kiln and goes 
through a clinker cooler 14 where it is cooled to a pre- 
scribed and predetermined temperature. Combustion 
air (secondary and/or tertiary air) is used to cool the 
clinker; therefore, a significant part of the combustion 
air recuperates the heat provided by the clinker. 
[0022] Kiln 1 0 includes a burner 1 6 which extends Into 
the interior of the kiln in a fashion which will be readily 
apparent to one of ordinary skill In the art. Burner 16 
supplies heat, via a combustion zone IB, necessary to 
increase the temperature of the raw material (not illus- 
trated) which moves through the kiln, as well as enabling 



the various chemical reactions which transform the raw 
material into clinker. In more modern cement plants, a 
very significant amount of energy Is provided to the raw 
material prior to its arrival in kiln 10. These plants are 
5 equipped with a (pre)calciner 1 2. where up to about 60% 
or more of the total heat is provided to the raw material 
through combustion. The air required for combustion is 
thus generally split Into several different streams into the 
cement plant. 

10 [0023] An optional primary fan or blower 20 supplies 
air to burner 16 along a primary air path 32, the primary 
air preferably being used to transport fuel into kiln 10. 
The amount of primary air preferably varies between 
about 4% and about 50% of the total air that enters the 

75 kiln, with modern cement plants typically being supplied 
with a reduced amount of primary air. Secondary fans 
or blowers 22 supply secondary air via air inlets 24 to 
clinker cooler 1 4, to cool the hot clinkers as they exit kiln 
10. Correspondingly, the air used to coo! the clinkers in 

20 clinker cooler 1 4 is heated to a temperature typically be- 
tween about 600** C and about 900** C. Thus, the clink- 
ers transfer heat to the secondary air, which flows along 
a secondary air path 34 into kiln 10. The preheated sec- 
ondary air therefore aids In clinker production, both by 

25 providing an additional source of oxidant to the kiln, and 
by not acting as a thermal sink to the kiln. Increasing 
production requires an increased amount of air through 
clinker cooler 14, as well as resulting in an increased 
flow rate of clinker through the clinker cooler. 

30 [0024] As described above, the cement plant may op- 
tionally and preferably be provided with (pre) calciner 
12. Thus, raw materia! enters the system through (pre) 
calciner 12 along raw material flow path 26. and is pre- 
heated and processed therein. The material then flows 

35 along a kiln flow path 28 through kiln 1 0, where the ma- 
terial is sufficiently heated to produce clinkers. The clink- 
ers then exit kiln 10 into clinker cooler 14 along clinker 
flow path 30, where the clinkers are cooled to a prede- 
termined temperature, and then exit the clinker cooler. 

40 While a portion of the secondary air provided by blowers 
22 flows along secondary air path 34, a portion is divert- 
ed out of clinker cooler 14 along a tertiary air path 36 
which leads to (pre) calciner 12, which enhances the cal- 
cination processes on the raw material therein and prior 

45 to entering kiln 10. Flue gas exits kiln 10 along a flue 
gas flow path 38 which, in the embodiment Illustrated in 
Figure 1 , directs flue gases into (pre) calciner 1 2. As will 
be readily appreciated by one of ordinary skill in the art, 
the flue gases can further enhance the calclnlzation 

50 processes performed in (pre) calciner 12, because of 
the additional heat transfer from the flue gases to the 
raw material. 

[0025] In accordance with the present invention, ad- 
ditional oxygen or oxygen-containing gas, e.g., oxygen- 
55 enriched air, is injected into pre-combustion air to 
achieve the benefits described above. In the context of 
the present invention, reference to the injection of oxy- 
gen includes the injection of pure oxygen, oxygen-con- 
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talning gas, and/or oxygen-enriched air, as well as other 
oxidants. In the embodiment Illustrated in Figure 1 , ox- 
ygen Is injected at one or both of two locations in the 
system: at a primary oxygen injection location 40, up- 
stream of primary air blower 20; and at secondary oxy- 
gen injection locations 42, upstream of one or more of 
secondary air blowers 22. 

[0026] As discussed above, injection of oxygen into 
the primary air provides an enhancement of, among oth- 
er things, the ability of kiln 10 and burner 16 to recycle 
dust which is insufflated Into the kiln, without degrada- 
tion of the burn and temperature drops in the kiln. Addi- 
tionally, the introduction of heated oxygen into the kiln 
leads to a reduced flame length, as well as to a more 
stable flame. Furthermore, injection of oxygen into the 
secondary air provides yet another source of oxidant for 
burner 16, preheats this oxidant prior to admission into 
kiln 10, and enhances the cooling capacity of clinker 
cooler 14. Additionally, injection of oxygen into the sec- 
ondary air can produce further production benefits, be- 
cause a portion of the secondary airflows along tertiary 
flow path 36 to (pre) calciner 12, wherein the (pre) cal- 
cinization process is enhanced by the introduction of ox- 
idant-enriched, preheated air. 

[0027] Figure 2 illustrates portions of a cement plant 
in accordance with a second exemplary embodiment of 

the present invention. In the embodiment illustrated in 
Figure 2, oxygen injection location 40 is provided up- 
stream of a second, primary air blower 44 at a distance 
L. Distance L, as well as the Injector diameter and de- 
tailed injector geometry, is selected so that the air and 
oxygen that are drawn in to second blower 44 have a 
sufficient opportunity to mix so that there are no small, 
local pockets of oxygen in the air which is drawn into 
second blower 44. Distance L is equally applicable to 
the other blowers described herein, including blowers 
20 and 22. 

[002B] From second blower 44, the oxidant-enriched 
air flows to a junction point 46, where the flow splits into 
clinker cooler 14 and blower 20 (if .provided). The split 
of oxidant-enriched air at point 46 can be regulated by 
mechanisms well appreciated in the art, both manual 
and automated, and the mass flows can vary according 
to the needs in the kiln. Clinker cooler 1 4, in the embod- 
iment illustrated in Figure 2, may be a tube cooler or a 
rotary cooler. 

[0029] The embodiment illustrated in Figure 2 is pref- 
erable when it is desirable to convey the entire mass of 
oxygen-enriched air into the cement plant through a sin- 
gle piping system. That is, the piping system can be 
common for the entire oxygen-enriched requirements of 
the plant, such as for the primary air going Into the main 
burner, the secondary air going into the clinker cooler 
and then to the kiln, and the tertiary air going into the 
clinker cooler and then into the (pre) calciner. Further- 
more, the embodiment illustrated in Figure 2 has the ad- 
vantage of ensuring proper mixing of the air and oxygen, 
given the extended length between the oxygen injection 



location and the air inlet into the kiln. It also requires only 
one mixing section of the pipe, reducing the cost asso- 
ciated with the use of multiple injectors and mixing ducts 
(which can be fairly long, depending on the amount of 
5 oxygen injected). 

[0030] Figure 3 illustrates portions of a cement plant 
in accordance with a third exemplary embodiment of the 
present invention. In the embodiment illustrated in Fig- 
ure 3, oxygen injection location 40 is similar to the em- 
bodiment illustrated in Figure 1. A separate oxygen in- 
jection location 48 is provided for the air entering clinker 
cooler 1 4 and prior to the air blowers. The embodiment 
illustrated in Figure 3 is extremely simple to implement, 
because it does not require additional modifications of 
an existing cement plant's air piping. In turn, the embod- 
iment illustrated in Figure 3 requires a more involved ox- 
ygen injection scheme, including at least two oxygen in- 
jectors and piping from the oxygen storage facility (not 
illustrated ) upstream of oxygen injection locations 40, 
48. 

[0031] Figure 4 illustrates portions of a cement plant 
in accordance with a fourth exemplary embodiment of 
the present invention. In the embodiment illustrated in 
Figure 4, a cement plant includes a grate cooler 70 in 
clinker cooler 14, which includes a plurality of air inlets 
24 and secondary air blowers 22. In prior cement plants 
including grate coolers, a portion of the secondary air 
used to cool the clinker is used as secondary or tertiary 
air, as described above with reference to Figure 1 , while 
the remainder of the heated air is waste air which flows 
along a waste air flow path 64 through a waste stack 
62 , and is then released into the atmosphere. This 
leads to significant heat losses and to an overall ther- 
modynamic efficiency reduction in the cement plant. 
[0032] Figure 4 illustrates portions of a cement plant 
which includes a grate cooler 70, with a plurality of air 
Inlets 24 into the grate cooler. According to the embod- 
iment illustrated in Figure 4, however, oxygen is injected 
only upstream of blowers 22, while blowers 50 do not 
supply oxygen-enriched air to grate cooler 70. Because 
of the geometry o1 grate cooler 70, blowers 22 generate 
air stream 52, which primarily leads to secondary air 
path 34, and air streams 54, 56, which primarily lead to 
tertiary air flow path 36. Of course, some cross-flow can 
be expected. Blowers 50, however, primarily generate 
air streams 58, 60, which, after cooling clinkers that 
move along clinker flow path 30, exit clinker cooler 14 
through waste stack 62 along waste air flow path 64. 
Thus, oxygen injected into clinker cooler 14 is not wast- 
ed, the enhanced cooling capacity of the oxygen-en- 
riched air flowing along air streams 52, 54, and 56 allows 
less air to be blown by blowers 50 and exhausted from 
the plant, and the cement plant benefits from the recov- 
ered energy in the preheated secondary and tertiary, ox- 
ygen-enriched air. 

[0033] With reference to Figures 1 -4, exemplary proc- 
esses in accordance with the present invention will now 
be described. Raw material Is caused to move along raw 
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material flow path 26, and optionally through (pre) cal- 
ciner 12. When (pre) calciner 12 is provided, the raw 
material is heated and partially processed therein. The 
material then moves into kiln 10, is burned and calcined 
to form clinkers, and exits the kiln into clinker cooler 1 4. 
During the calcinization processing in kiln 10, air is 
blown by blowers 20 (if provided), 22, 44, and 50 into 
the system, and oxidant is injected into the air before 
entering the system's blowers at injection locations 40, 
42, and 48, to form oxidant-enriched air. With reference 
to Figure 2, the oxidant-enriched air can be then split 
between the burner oxidant inlet and the clinker cooler 
oxidant inlet. Oxidant-enriched air which is blown into 
the clinker cooler then cools the hot clinkers from the 
kiln, and the hot clinkers transfer heat to the oxidant- 
enriched air In the clinker cooler to produce preheated, 
oxidant-enriched air. This preheated oxidant-enriched 
air is then allowed or cause to flow into the kiln chamber 
as secondary, preheated, oxidant-enriched air, and if a 
precalciner is provided, a portion of the preheated oxi- 
dant-enriched air is allowed or caused to flow down- 
stream to the precalciner. With reference to Figure 4, 
additional air is blown into the grate cooler, but is not 
enriched with additional oxygen, and is allowed or 
caused to primarily flow out of the clinker cooler out of 
waste stack 62, while preheated oxidant-enriched air 
from inlets 24 is allowed or caused to primarily flow Into 
the kiln chamber and (pre) calciner 12. 
[0034] Thus, systems and processes in accordance 
with the present invention include devices and steps in 
which oxygen is injected Into a//the airflow streams into 
the cement plant which are designated for combustion/ 
transport purposes, or selectively to certain flows of air 
into the cement plant, including selected or all air flow 
streams passing through the clinker cooler. The oxygen 
injection locations are preferably prior to, or after, the 
blowers designed to carry the air Into the cement plant. 
If the injection is prior to the fans, the required oxygen 
pressure is relatively low, while the mixing between the 
air and oxygen can be efficiently performed. In condi- 
tions of high pressure oxygen availability the Injection 
can be performed after the fans, which eliminates a po- 
tential safety concern regarding oxygen passage 
through the fans. In the present invention, oxygen injec- 
tion is used to obtain an increased thermal load to the 
clinker, in conditions which are operationally safe, and 
to increase the overall cement plant efficiency Addition- 
ally, the present Invention can result in an Increase in 
clinker production. Oxygen enrichment according to the 
present invention may therefore include the entire mass 
of air introduced into the cement plant for combustion 
purposes, or selectively into at least one of the air Inlets 
into the clinker cooler. 

[0035] The invention is therefore also directed to a 
process of universal enrichment with oxygen of the air 
introduced in the cement plant for combustion purposes. 
The injection process includes at least one oxygen in- 
jector in a specially designed piping system before or 



after the blowers carrying combustion air into the ce- 
ment plant. When injected before the blowers, oxygen 
enrichment according to the present invention can be 
performed with relatively low pressure oxygen, given the 
5 relatively low pressure of the air flow upstream of the 
blower 

[0036] The present invention can result in improved 
combustion process in a cement plant, resulting in, 
among other advantages. Increased clinker production. 
10 Heat and mass balance calculations performed on an 
actual cement plant geometry and parameters have 
shown that the introduction of oxygen upstream of the 
blowers increases clinker production by about 2.5 tons 
clinker/ ton of oxygen introduced in the kiln, for the lev- 
els of global enrichment of between about 21 .5% and 
about 28% oxygen, preferably about 23% oxygen, in the 
oxidizer mixture. 

[0037] The introduction of the hot, oxygen -enriched 
air in accordance with the present Invention increases 
the thermal efficiency of the cement plant, leading to 
lower clinker temperature, and therefore to lower heat 
lost with the clinker, the balance in this heat being re- 
introduced, recycled, or recuperated in.the cement plant 
with the heated oxygen. Heat and mass balance calcu- 
lations performed on an actual cement plant geometry 
and parameters have shown that the introduction of ox- 
ygen prior to the blowers has increased the efficiency of 
the plant by to up to 10% when compared to the intro- 
duction of the same amount of oxygen through conven- 
tional methods, described above. 
[0038] While the invention has been described in de- 
tail with reference to preferred embodiments thereof, it 
will be apparent to one skilled in the art that various 
changes can be made, and equivalents employed, with- 
out departing from the scope of the invention. 

Claims 

1. An improved kiln useful in producing clinkers, com- 
prising: 

a kiln chamber having an Inlet and a clinker out- 
let; 

a burner positioned so that its flame is directed 
into said kiln chamber, said burner including a 
fuel inlet, an oxidant inlet, and an outlet; 
a clinker cooler positioned to receive clinkers 
from said clinker outlet and including at least 
one air inlet into said clinker cooler; 
an oxidant source in fluid communication with 
an oxidant Inlet of said kiln selected from the 
group consisting of said burner oxidant Inlet, 
said clinker cooler air Inlet, and both, 

2. An improved kiln in accordance with Claim 1, 
wherein said clinker cooler further comprises an air 
outlet in fluid communication with said kiln chamber 
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3. An improved kiln in accordance with Claim 1 or 2, 
further comprising a precalciner including a raw ma- 
terial Inlet, a precaicined material outlet, and an air 
inlet, wherein said precaicined material outlet leads 

to said kiln chamber inlet, and wherein said precal- 5 
ciner air Inlet is in fluid communication with and 
downstream of said clinker cooler. 

4. An Improved kiln in accordance with one of Claims 

1 to 3, further comprising an air blower having an io 
Inlet and an outlet, said air blower outlet In fluid com- 
munication and upstream of both said burner oxi- 
dant inlet and said clinker cooler air inlet, said oxi- 
dant source being upstream of said air blower inlet. 

IS 

5. An improved kiln In accordance with one of Claims 
1 to 4, wherein said burner oxidant inlet and said 
clinker cooler air inlet are fluidly Isolated upstream 
of said kiln chamber, and wherein said oxidant 
source comprises separate inlets to said burner ox- 
idant inlet and said clinker cooler air inlet. 

6. An improved kiln in accordance with one of Claims 
1 to 5, wherein said clinker cooler comprises a grate 
clinker cooler including a plurality ot air blowers hav- 2S 
ing Inlets and which blow air into said grate clinker 
cooler, wherein said oxidant source is in fluid com- 
munication with at least one grate clinker cooler air 
blower and in separate fluid communication with 
said burner oxidant inlet. 30 

7. An improved kiln in accordance with Claim 6, 
wherein said grate clinker cooler Includes a waste 
air outlet, and at least one air blower includes an 
inlet which does not receive oxidant from said oxi- 35 
dant source. 

8. An improved kiln In accordance with one of Claims 
1 to 7, wherein said kiln comprises a rotary kiln. 

40 

9. A process of operating a kiln, comprising the steps 
of: 

providing a kiln including 

45 

a kiln chamber, an Inlet, and a clinker out- 
let, 

a burner positioned so that its flame is di- 
rected into said kiln chamber, said burner 
including a fuel inlet, an oxidant inlet, and so 
an outlet, 

a clinker cooler positioned to receive clink- 
ers from said clinker outlet and including at 
least one air inlet into said clinker cooler, 
and ss 
an oxidant source in fluid communication 
with an oxidant inlet of said kiln selected 
from the group consisting of said burner ox- 



idant inlet, said clinker cooler air Inlet, and 
both; 

flowing oxidant from said oxidant source 
through said kiln oxidant Inlet; and 
flowing material to be calcined Into said kiln 
chamber to form clinkers. 

10. A process of operating a kiln in accordance with 
Claim 9, wherein said providing step further com- 
prises the step of providing a kiln including a pre- 
calciner including a raw material inlet, a precaicined 
material outlet, and an air Inlet, wherein said pre- 
calciner precaicined material outlet leads to said 
kiln chamber inlet, wherein said precalciner air Inlet 
is in fluid communication with and downstream of 
said clinker cooler, and wherein said flowing step 
further comprises flowing oxidant to said clinker 
cooler air inlet to form oxidant-enriched air In said 
clinker cooler, said precalciner producing precai- 
cined material which then becomes material to be 
calcined. 

11. A process of operating a kiln in accordance with 
Claim 1 0. wherein said flowing step further compris- 
es the step of flowing oxidant-enriched air from said 
clinker cooler to said precalciner air inlet. 

1 2. A process of operating a kiln in accordance with one 
of Claims 9 to 11, further comprising the steps of: 

heating said material to be calcined in said kiln 
to form a hot clinker; 

moving said hot clinker to said clinker cooler; 
transferring heat from said hot clinker to air 
blowing into said clinker cooling from said at 
least one clinker cooler air inlet, to produce a 
cooled clinker and preheated air. 

13. A process of operating a kiln in accordance with 
Claim 1 2, whe rein said flowing step f u rther compris- 
es flowing oxidant to said clinker cooler air inlet and 
into said preheated air to produce oxidant-enriched, 
preheated air, and further comprising the step of 
flowing said oxidant-enriched, preheated air into 
said kiln chamber. 

14. A process of operating a kiln in accordance with 
Claim 13. wherein said providing step further com- 
prises the step of providing a kiln including a pre- 
calciner including a raw material inlet, a precaicined 
material outlet, and an air inlet, wherein said pre- 
calciner precaicined material outlet leads to said 
kiln chamber inlet, wherein said precalciner air inlet 
Is in fluid communication with and downstream of 
said clinker cooler 

15. A process of operating a kiln In accordance with 
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Claim 14, wherein saidflowing step further compris- 
es the step of flowing said oxidant-enriched, pre- 
heated air from said clinker cooler to said precalcin- 
er air inlet. 

5 

16. A process of operating a kiln in accordance with one 
of Claims 9 to 15, wherein said flowing step com- 
prises flowing oxidant from said oxidant source 
through said burner oxidant Inlet. 

10 

17. A process of operating a kiln in accordance with one 
of Claim 9 to 1 6, wherein said flowing step compris- 
es the steps of: 

premixing oxidant and air to form a flow of oxi- 
dant-enriched air; and 

splitting said flow of oxidant-enriched air to both 
said burner oxidant inlet and said clinker cooler 
air inlet. 

20 

18. A process of operating a kiln in accordance with one 
of Claims 9 to 17, wherein said providing step fur- 
ther comprises providing a grate cooler in said clink- 
er cooler, said grate cooler Including at least two air 
inlets, and a waste air outlet, and further comprising 25 
the step of flowing oxidant through fewer than all of 
said grate cooler air inlets. 

19. A process of operating a kiln in accordance with 
Claim 18, further comprising flowing air into said 
clinker cooler through one of said at least two air 
inlets through which no oxidant is caused to flow. 

20. Aprocess of operating a kiln in accordance with one 

of Claims 9 to 1 9, wherein said step of providing a 35 
kiln comprises providing a rotary kiln. 
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